The sterile insect technique (SIT) is a species-speciÞc and environmentally friendly method for insect pest control consisting of the release of large numbers of sterile insects (Knipling 1955) . Laboratory males exposed to ionizing radiation before release transfer their sterile sperm to virgin wild females during mating, causing early embryonic death and a progressive decrease in the pest population. The efÞcacy/success of the SIT relies on maintaining a continuously high ratio of sterile-to-fertile males within the target area and the competitiveness of the sterile males. For example, from 1977 to 1979 on the PaciÞc coast of El Salvador, from 0.5 million to 1.25 million sterile male pupae were released daily during the SIT program against Anopheles albimanus Wiedemman (Lowe et al. 1980 , Dame et al. 1981 . To control Anopheles arabiensis Patton (Diptera: Culicidae) in Sudan, a production of 1 million An. arabiensis sterile males per day is anticipated ). To achieve this goal and to obtain a sustainable and affordable production, novel methods and materials for mass rearing of mosquitoes are needed (Benedict et al. 2009 ). Large numbers of sterile insects are effective only if they are of sufÞcient quality to mate at high frequencies. For holometabolous insects, diet quality and quantity during the immature stages not only inßuence their developmental rate but also have irreversible effects on adult characteristics (Vrzal et al. 2010 , Gilles et al. 2011 . Nutritional requirements of mosquito larvae are well known and include protein (or amino acids), sugar (glucose or sucrose), polyunsaturated fatty acids (PUFAs), sterols, vitamins, and nucleotides . The presence of these components is essential to all artiÞcial diets. At least 14 amino acids are known to be essential for mosquito larval development and survival (Goldberg and De Meillon 1948 , Singh and Brown 1957 , Dadd 1985 , Vrzal et al. 2010 . Because of their inability to elongate the 18C PUFAs, mosquito diets must include C18, C20, and C22 PUFAs, described as essential for larval development (Moribayashi et al. 2004 ) and for mosquito ßight and adult survival (Dadd and Kleinjan 1979) . Sterols, i.e., cholesterol, are essential for growth beyond the second instar in Culex pipiens L. (Dadd and Kleinjan 1984) . A minimal concentration of essential vitamins also is required to allow optimal growth of several mosquito species (Akov 1962, Kleinjan and . Finally, a combination of three nucleotides (or corresponding nucleosides) in the diet satisÞes the need for nucleic acids: 2Ј-deoxythymidine 5Ј-phosphate, adenosine 5Ј-phosphate, and interconvertible uridine 5Ј-phosphate or cytidine 5Ј-phosphate.
Guanosine 5Ј-phosphate is not required Kleinjan 1977, Dadd 1979) . Without any nucleotides, no Ͼ5% of Cx. pipiens larvae reached the adult stage Kleinjan 1977, Dadd 1979 ).
Historically, the major components of mosquito mass rearing diets have been commercial animal diet products because they are inexpensive, more homogeneous than natural food, and easy to buy and manage in large quantities (Gerberg 1970) . Since 2004, Þnely ground (224-m-sieved) Koi Floating Blend (Aquaricare, NY; no longer available) has been used at the Insect Pest Control Laboratory (IPCL), Joint Food and Agriculture Organization/International Atomic Energy Agency Division of Nuclear Techniques in Food and Agriculture for the routine rearing of the An. arabiensis colonies. Larval development (Þrst instar to pupae) required a minimum amount of 262 g of diet per larva per d (Gilles et al. 2011) . Based on this estimation and assuming the larval development is 5Ð7 d, a minimum of 1.3Ð1.8 kg of larval diet per day is required for the production of 1 million adult An. arabiensis males per day. Because the Koi Floating Blend is no longer available, the aim of this study was to Þnd an inexpensive and efÞcient substitute diet for up-scaling mosquito production. First, we tested the effect of several commercially available powdered candidate diets on larval survival, developmental duration, and adult size (wing length) to select the best candidates. Then, the optimal proportion of the three best candidates was determined using a mixture design. The inßuence of some additives also was tested. Because An. arabiensis seems to be sensitive to overfeeding (Reisen 1975 , Gilles et al. 2011 , the inßuence of feeding frequency also was studied. Finally, to understand one of the potentially critical differences between the diets tested, the PUFA composition of the three best candidates was determined and compared with Koi Þsh food.
Materials and Methods
Mosquito Stocks and Rearing Methods. The An. arabiensis DONGOLA stock, available from the Malaria Research and Reference Reagent Resource Center (MR4, MRA-856), was used for all experiments. This stock has no known insecticide resistance or other distinguishing phenotype. It originated from Dongola in the northern state of Sudan in 2005 and has been maintained on powdered Koi Floating Blend Þsh food since its origination (Ϸ180 generations). The Koi diet pellets were ground sufÞciently to pass through a 224-m standard sieve (hereafter referred to KFF diet). Larvae and adults were cultured in a climatecontrolled room at 27 Ϯ 1ЊC, 60 Ϯ 10% RH, and a photoperiod of 12:12 (L:D) h, including dusk (1 h) and dawn (1 h). Adults were kept in plastic cages (30 by 30 by 30 cm; BugDorm, Megaview Science Co., Taichung, Taiwan) with constant access to a 10% sucrose plus 0.2% methylparaben solution and a weekly mechanically deÞbrinated cattle bloodmeal. Gravid females were allowed to oviposit in plastic cups with a black lining and containing a wet sponge over which a Þlter paper was placed (Balestrino et al. 2010) . Larvae were reared in plastic trays (40 by 29 by 8 cm) containing Ϸ1 liter of deionized water and fed with KFF diet. Pupae were collected and placed in small plastic cups and placed inside adult cages for emergence.
Parameters Observed. All experiments were performed using An. arabiensis eggs hatched at low density. Thirty-two Þrst-instar larvae (L1; Ͻ4 h old) were transferred into 90-mm-diameter disposable polystyrene petri dishes containing 32 ml of deionized water. The larval density (one larva per ml) used in our experiments represents a high density in which survival and developmental duration are not optimal (Gilles et al. 2011 ) but that better reßects the level of stress expected during mass production.
To limit the effects of localized environmental differences within the room, petri dishes were placed on trays that were randomly rearranged daily within the space being used for the experiment. Dishes were examined daily, and when dead larvae or pupae were detected, their presence was recorded. Many were decayed or cannibalized before they were found and could not be recorded, especially the early stages. Larval survival was calculated as the proportion of L1s that survived to the pupa stage. The pupae were removed on the day they formed and transferred to individual tubes for emergence. Time to pupation was thus determined as the time between hatching and pupation. Pupal survival was calculated as the proportion of adults emerging from the pupae. Adult wing length was measured in the Þnal experiments after adult sex was determined. The left wing (or right if the left had deteriorated) was removed for measurement. Wings were measured from the distal edge of the alula to the end of the radius vein (excluding fringe scales). A digital image of the wing was taken with a CC-12 camera (Soft Imaging System, Mü nster, Germany) mounted on a stereomicroscope, and measurements were performed with analysis_B software (Soft Imaging System).
Selection of Candidates for Mixture Experiments. Eight diets, mainly from Þsh/sea origin but also from animal origin (Table 1 , Þrst eight rows) were tested. On alternate days, various amounts of diet (0.05, 0.1, 0.2, 0.4, and 0.8 mg diet per larva per d) were placed in each petri dish by adding 640 l of various concentrations of diet (0.5, 1, 2, 4, and 8% [wt:vol] slurry of diet in water). Three replicates of each diet and amount combination were performed. Larval and pupal survival, time to pupation, and wing length were recorded. At the end of this experiment, based on their inßuence on the developmental parameters, three candidate diets ("best candidates") were selected for the mixture design.
A comparison among these three candidates and the reference KFF diet formally used for routine rearing purposes was made using the concentration that resulted in most rapid development and survival for each candidate diet. In addition to the three replicates from the previous experiment, eight replicates were conducted for tuna meal (TM), bovine liver powder (BLP), squid liver powder (SLP), and KFF. Pupal survival, time to pupation, time to emergence, and wing length were recorded.
Mixture Design. To analyze and model the mixture of the three most promising components at their optimal concentration (obtained in the previous part for TM, BLP, and SLP), an augmented Simplex Centroid Design was considered (Scheffe 1963 , Cornell 2002 . Experiments with a three-component (X1, X2, X3) mixture design consisting of equally spaced proportions of 0, 0.5, 1 (simplex centroid) and in addition with extra internal blends (augmented simplex centroid) were assessed. The design points are the blending coordinates arranged such that all combinations of diet concentration levels are tested. The sum of ingredient proportions for each mixture is 1.0 and the component values are described as proportions. The augmented simplex centroid design using all possible blends of these three components creates 10 different mixtures {three single-component blends (apex, {0,0,1} {0,1,0} {1,0,0}), three binary blend mixtures (edge midpoints, {1/2,1/2,0} {1/2,0,1/2} {0,1/2,1/2}), and four interior points which correspond to a mixture in which all components are simultaneously present but differ as follows: one central point (equal proportions of all three, {1/3,1/3,1/3}) and three axial points (nonequal proportions of all three, {2/3,1/6,1/6} {1/ 6,2/3,1/6} {1/6,1/6,2/3}).
The 10 different mixtures were replicated four times. Only larval survival and time to pupation (from hatching to pupation) are presented.
Additives. A quantity of 0. We tested the effect of dailyÑrather than alternate dayÑlarval feeding on the survival, larval duration and wing length. Based on the results of the previous experiments, larvae were fed with a mixture diet (1:1 BLP:TM [by weight]) that contained Vit Mix. Six replicates of the three different mixture amounts (0.1, 0.15, and 0.2 mg diet per larva per d) were conducted. The same protocol as described above was used: 32 L1s in 32 ml of deionized water in a petri dish, and three to Þve larvae from each replicates were daily randomly selected and measured. Larval survival also was recorded.
Fatty Acid Composition of Diets. Fatty acids were determined by gas-liquid chromatography. The fatty acid methyl esters (FAMEs) were prepared by a method similar to one reported previously (Lepage and Roy 1984) : Approximately 50 Ð70 mg of diet was added into a 35-ml glass tube with a Teßon-lined screw cap, and 100 l of an internal standards solution consisting of 4.8 mg/ml eicosadienoic acid [20:2(n-6)] was dissolved in iso-octane. Five milliliters of methanol/toluene (3:2, vol:vol) was then added to the sample. The acid-catalyzed transesteriÞcation reaction was initiated by addition of 5 ml of acetylchloride/ methanol (1:20, vol:vol). The solution was then placed in a boiling water bath for 1 h with gentle shaking every 10 min. The tube was then cooled, and 5 ml of distilled water was added to neutralize the acetylchloride/methanol solution and 5 ml of hexane was added to extract the FAMEs. The solution was then centrifuged at 2000 ϫ g for 5 min. A portion of the upper hexane layer was removed and placed in a small glass tube. The lower aqueous phase was reextracted two more times with 5 ml of hexane. The three hexane extracts were combined, dried over anhydrous sodium sulfate, and concentrated using a nitrogen stream. The FAME fraction was redissolved in 0.5 ml of iso-octane in a 2-ml glass vial with a Teßon-lined screw cap. FAME extracts were kept in the freezer at Ϫ30ЊC until gas chromatographic analysis.
The FAMEs were analyzed with a Chrompack CP9001 gas chromatograph equipped with an autosampler (Quantum Analytics, Inc., Foster City, CA). Injection was done into a very polar 50-m capillary column, BPX70 (forte-series, SGE, Ringwood, Vic, Australia), with a diameter of 0.32 mm and a layer thickness of 0.25 m connected to a 2.5-m methyl deactivated precolumn. The carrier gas was hydrogen, at a pressure of 100 kPa, and the detection was by a ßame-ionization detector (FID). The oven temperature was set to raise the initial temperature from 85 to 150ЊC at a rate of 30ЊC/min, from 150 to 152ЊC at 0.1ЊC/min, from 152 to 172ЊC at 0.65ЊC/min, from 172 to 187ЊC at 25ЊC/min and stayed at 187ЊC for 7 min. The injector was heated from 85 to 190ЊC at 5ЊC/s and Diet quantity is given in milligrams of diet per larva per day. 
Results

Selection of Candidates for Mixture Experiments.
Immatures Survival Rate. No survivors were observed in any conditions from the spirulina and the Protein Selco Plus diets. For the EzLarva diet (designed for culture of shrimp), Ͻ1% of the total number of larvae reached the pupal stage. These three were discontinued from further analysis as individual diets.
Among the Þve other diets, TM, BLP, and SLP performed better than brewerÕs yeast (BY) and shrimp meal AP100 (SM), as larval survival using those diets did not exceed 10 and 30%, respectively (Fig. 1) . These last two diets also were not considered further. For TM, BLP and SLP, a common trend was observed with an increasing larval survival rate from 0.05 and 0.2 mg diet per larva per d and then a decrease for the 0.4 and 0.8 mg diet per larva per d. Only the TM offered similar survival rate values for 0.2 and 0.4 mg diet per larva per d (Fig. 1) .
For pupal survival (Table 2) , a signiÞcant effect of food quantity was observed on survival for BLP (ANOVA: F 4, 10 ϭ 3.59; P Յ 0.05; no difference in post-tests). The food quantity has a signiÞcant effect on the survival of the pupae fed with only SLP (F 4, 8 ϭ 7.51; P Ͻ 0.01). No effect of food quantity was observed for TM (F 4, 7 ϭ 2.64; P ϭ 0.12).
Developmental Time. Only the results for the time to pupation are presented here because the patterns echo the pupa stage duration data (Table 3 ). Time to pupation differed signiÞcantly among diets (F 2, 25 ϭ 4.71; P Ͻ 0.05) and food amount (F 4, 25 ϭ 106.77; P Ͻ 0.001). There was no signiÞcant diet x food amount interaction (F 8, 25 ϭ 1.40; P Ͼ 0.05).
In the three diets, larval development accelerated signiÞcantly with increased food amount from 0.05 to (Table 3) . For a given diet quantity, differences in time to pupation between different diets were observed at 0.2 and 0.4 mg diet per larva per d. At 0.2 mg diet per larva per d, larvae reached the pupal stage signiÞcantly faster with the BLP than with the TM and SLP diets (StudentÕs t-tests, respectively, T ϭ Ϫ5.18, P Ͻ 0.001 and T ϭ 4.86, P Ͻ 0.001).
Wing Length. The increase of SLP amount had no signiÞcant effect on male and female size (Table 4) . Nor did diet quantity affect the wing length of females fed TM diet, but for males, the increasing diet quantity of TM caused a signiÞcant increase in wing length from 0.1 and 0.2 mg diet per larva per d doses to 0.4 and 0.8 mg diet per larva per d. For BLP, for both male and female, size signiÞcantly differed with increased diet amounts.
Comparison With the Reference KFF Diet. Larval survival when larvae were fed KFF was signiÞcantly higher than when larvae were fed only TM, BLP, or SLP (Fig. 2) . Larvae fed with SLP had a signiÞcantly lower survival compared with TM and BLP diets. For both males and females, time to pupation and time to emergence signiÞcantly differed between the different diets (male: F 3, 37 ϭ 16.57, P Ͻ 0.001 and F 3, 37 ϭ 12.76, P Ͻ 0.001, respectively; female: F 3, 37 ϭ 6.74, P Ͻ 0.01 and F 3, 37 ϭ 6.59, P Ͻ 0.01, respectively). Indeed, for both sexes, larval duration and time to emergence was shorter when larvae were provided BLP than when given KFF. No difference was observed between KFF, TM and SLP diets (Table 5) . For male wing length, no effect was observed between the four diets used at 0.2 mg diet per larva per d concentration during the experiment. Females that developed on BLP diet had signiÞcantly longer wings compared with the females cultured on TM diet (Table 5) . Mixture Design. For both parameters, we chose the special cubic model as the full cubic model was not signiÞcant. Larval survival and time to pupation were both affected by the diet mixtures (F 1, 39 ϭ 4.75; P Ͻ 0.05 and F 1, 39 ϭ 11.29; P Ͻ 0.01, respectively) (Tables  6 and 7) .
The magnitude of the coefÞcients for the three pure mixtures indicated that mosquito larvae survived better in BLP (0.765) and TM (0.518) rather than SLP (0.329). The two-blend mixtures SLP*BLP and TM*BLP were signiÞcant with a positive coefÞcient, indicating a synergistic effect on the larval survival. The TM*BLP mixture coefÞcient was twice as high as the SLP*BLP mixture. Nevertheless, the three-blend mixture was slightly signiÞcant, indicating that the SLP played a minor role (Table 6 ). The contour plot conÞrmed that the higher survival is observed for the mixture composed by 1/2 TM ϩ 1/2 BLP and followed closely by 2/3 BLP ϩ 1/6 TM ϩ 1/6 SLP (Fig. 3a) .
Regarding time to pupation (Table 7) , the magnitude of the coefÞcients for the three pure mixtures indicated that BLP (7.18) had a stronger effect on time to pupation than TM (9.45) and SLP (10.36). Only the two-blend mixtures SLP*BLP and TM*BLP were signiÞcant with a negative coefÞcient indicating the shortest time to pupation. In that case, TM*BLP mixture coefÞcient was twice as high as the SLP*BLP mixture. The three-blend mixture was highly signiÞ-cant (Table 7) . The contour plot showed that the shortest time to pupation is observed for the mixture composed of 2/3 BLP ϩ 1/6 TM ϩ 1/6 SLP and followed closely by 1/3 TM ϩ 1/3 BLP ϩ 1/3 SLP (Fig. 3b) .
Additives. Based on the results from the previous experiments, a quantity of 0.2 mg of 1:1 BLP:TM (by weight) mixture diet per larva per d was selected to test the effect of additives. The addition of Vanderzant Vit Mix, ascorbic acid, or spirulina to the mixture diet did not affect the larval survival of An. arabiensis (ANOVA: F 3, 16 ϭ 0.50; P ϭ 0.69). The mean larval survival ranged from 0.77 Ϯ 0.03 to 0.85 Ϯ 0.03. Time to pupation signiÞcantly decreased with the Vit Mix mixture for both sex compared with the basic mixture alone (Table 8 ; ANOVA, male: F 3, 202 ϭ 5.11; P Ͻ 0.05 and female: F 3, 206 ϭ 14.36; P Ͻ 0.05). Such decrease did not happen with the mixture with ascorbic acid and spirulina. Finally, for males, all the additives had a positive signiÞcant effect on wing length (ANOVA: F 3, 36 ϭ 4.30; P Ͻ 0.05), but no signiÞcant difference (Table 8 ; ANOVA: F 3, 36 ϭ 1.59; P ϭ 0.21).
Effect of Daily Larval Feeding.
There was no signiÞcant difference between survival of larvae fed daily with 0.1 mg diet per larva per d diet and survival of larvae fed on alternate days with 0.2 mg diet per larva per d (84.9 Ϯ 5.0 versus 83.1 Ϯ 5.7; t-test: df ϭ 9, t ϭ 1.88, P ϭ 0.29). Increasing the daily diet amount (0.1, 0.15, and 0.2 mg diet per larva per d) led to a signiÞcant decrease in larval survival ( Fig. 4 ; ANOVA: F 2, 15 ϭ 11.97; P Ͻ 0.05) and a slightly signiÞcant effect on the male mean time to pupation (respectively, 6.97 Ϯ 0.24; 6.99 Ϯ 0.13; 7.57 Ϯ 0.13; ANOVA: F 2, 15 ϭ 3.81, P ϭ 0.046; no difference in post hoc tests) but had no signiÞcant effect on the female mean time to pupation (respectively, 7.52 Ϯ 0.11; 7.41 Ϯ 0.15; 7.49 Ϯ 0.21; ANOVA: F 2, 15 ϭ 0.12, P ϭ 0.88). Figure 5 shows the increase in larval size with time when fed with different quantities of diet. The larval growth was faster for larvae fed with 0.1 mg diet per larva per d as the mean larval length is signiÞcantly higher than for 0.15 and 0.2 mg diet per larva per d (F 2,51 ϭ 7.4; P Ͻ 0.05 and F 2,51 ϭ 12.3; P Ͻ 0.05, respectively, for days 2 and 3). However, the Þnal size of the larvae fed with 0.1 mg diet per larva per d was signiÞcantly different from the larvae fed with 0.2 mg diet per larva per d (F 2, 51 ϭ 6.8; P Ͻ 0.05 and F 2, 51 ϭ 3.3; P Ͻ 0.05, respectively, for days 5 and 6) but showed no signiÞcant difference from larvae fed with 0.15 mg diet per larva per d.
Diet Fatty Acid Composition. Fatty acid composition of the four diets is presented in Table 9 . All diets are characterized by the dominance of saturated palmitic acid (16:0) and unsaturated oleic acid [18: 1(n-9)] but differ in the other dominant fatty acids: cis-linoleic acid[18:2(n-6)] for KFF, stearic acid (18:0) for BLP, and docosahexaenoic acid (DHA) [22:6(n-3)] for SLP and TM. However, qualitatively all the diets tested had the same fatty acids. Where differences occurred, the fatty acids found in BLP, SLP, or TM are absent in KFF. Quantitatively, KFF has half of the total fatty acid weight (by dry weight) compared with the three other diets. Concerning the fully essential fatty acids described by Dadd (Dadd and Kleinjan 1979; Dadd 1980 Dadd , 1981 Dadd et al. 1987 Dadd et al. , 1988 Dadd et al. , 1989 and shown in bold in Table 9 , ␥-linolenic acid (GLA), arachidonic acid (AR), eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA) and DHA are present in KFF food and in the other three diets. Generally, BLP diet presents a higher level of these fatty acids than the other diets except for DHA, which is higher in SLP and TM. Dihomo-␥-linolenic acid (DGLA) is absent in KFF, present BLP, and present in a low concentration in SLP and TM.
Discussion
Here, an inexpensive and effective diet has been developed for An. arabiensis by selecting and mixing commercially available ingredients. The step-by-step approach demonstrated the individual and synergetic effects of BLP, SLP, and TM components on An. arabiensis developmental parameters.
The amount of diet provided to mosquito larvae is clearly a crucial parameter to take into account, and we determined that 0.2 mg diet per larva per d is the optimal quantity for An. arabiensis development (faster time to pupation, higher survival rate, and larger adult size). By using mixture experiment principles and response surface methodology, the combination of TM and BLP mixed without SLP powder showed the greatest larval survival. This could be due to the compositions of BLP and TM being complementary for essential nutritional requirements of mosquito larvae:protein (or amino acids), sugar (glucose or sucrose), PUFAs, sterols, vitamins, and nucleotides.
Because any animal-derived protein diet contains all amino acids, BLP or TM diets (Zaviezo and Dale 1994) ensure the presence of all of the 14 essential amino acids, i.e., asparagine, arginine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, and valine.
Because of their inability to elongate the 18C PUFAs, mosquitoes have to obtain C20 and C22 PUFAs from their food. C20 and C22 PUFAs are essential for mosquito development, and here we focused on the fully essential fatty acids: EPA, DHA, and AR (Dadd and Kleinjan 1979 , Dadd 1980 , 1981 Dadd et al. 1987 Dadd et al. , 1988 Dadd et al. , 1989 . GLA, DGLA, and DPA also are considered as moderately effective fatty acids for ßight capacity (Dadd 1981 (Dadd , 1983 Dadd et al. 1987) . Qualitatively, all the diets have all the highly effective fatty acids except KFF in which DGLA is absent. EfÞciency of KFF food was observed to be better than BLP, TM, and SLP diets even though the KFF diet has half the quantity of FAME compared with other diets. KFF seems to have a level EPA and DHA superior than that contained in BLP but lower than in SLP and TM. Common name is used to characterize a fatty acid; if no common name was available, the systematic name was used (*), and if no systematic name was available the numerical designation was used. Fully essential fatty acids described by Dadd (Dadd and Kleinjan 1979; Dadd 1980 Dadd , 1981 Dadd et al. 1987 Dadd et al. , 1988 Dadd et al. , 1989 are highlighted in bold.
For these last two fatty acids, the combined presence of TM and BLP ensured the high level of EPA and DHA in the new diet. GLA is also present in quantities twice that of KFF with reference to the three other diets. Linoleic acid presence, which has been proven essential for complete mosquito development (for review, see Dadd 1983) , is in greater quantity in KFF compared with the other three diets and may explain the better efÞciency of KFF. Moreover, KFF contains a level of AR and DPA inferior to the other three diets. The similar performance of the mixed BLP and TM diets compared with KFF diet could thus be due to the complementary composition of fatty acids of the two single diets (in the new diet, the level of EPA, DHA, and GLA are equivalent or superior to KFF); the presence in greater quantities of different essential fatty acids such as DGLA, AR, and DPA; or a combination.
A minimal concentration of essential vitamins also is required to optimize growth of several mosquito species (Akov 1962, Kleinjan and . Indeed, mosquitoes need thiamine, riboßavin, pyridoxine, nicotinic acid, calcium pantothenate, folic acid, biotin, and choline to maximize growth and development. Bovine liver powder furnished riboßavin, nicotinic acid, and choline, and tuna meal furnished riboßavin and choline (manufacturersÕ speciÞcation). The Vanderzant Vit Mix, which increased the diet effectiveness (i.e., producing bigger males and inducing shorter development for females), also provides vitamins absent from the TM and BLP, such as biotin, folic acid, calcium panthothenate, thiamine, ascorbic acid, choline dihydrogen citrate, and I-inositol. That Þnding that Vit Mix signiÞcantly increases the size of males could enhance the reproductive qualities of released males. Indeed, body size is a major factor inßuencing mating success for both males and females in many mosquitoes. This has been conÞrmed in several laboratory studies (Yuval et al. 1993; Harrington 2007, 2009; Helinski and Harrington 2011) , although not clearly conÞrmed in the Þeld (Charlwood et al. 2002) . A larger male brings advantages in terms of the number of efÞcient matings realized during adult life (Yuval et al. 1993, Helinski and Harrington 2011) and number of sperm transferred during copulation Harrington 2007, 2009) .
The lack of beneÞt of diet containing ascorbic acid and spirulina (except producing bigger males) is probably due to the components already being functionally present in the mix of TM and BLP. Spirulina provides amino acids such as leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine already provided by TM and BLP. Spirulina also provides PUFAs (palmitic acid, linoleic acid [unsaturated fatty acid ], GLA, ␣ linolenic acid) and vitamins (nicotinic acid, pyridoxine, riboßavine) that have been already present in TM and BLP.
The quantity of diet furnished in the larval tray also has a great inßuence on the larval production. For all the commercial diets tested (except TM), an amount 0.2 mg diet per larva per d had a negative effect on larval development. Such an effect has been also found with the Þnal mixture if provided daily. The overfeeding of larvae is known to often lead to high larval mortality (Reisen 1975) . Moreover, An. arabiensis is known as a clean water species (Robert et al. 1998) and does not tolerate fouled water well. Previous studies also showed that An. arabiensis is very sensitive to high food concentration (Gilles et al. 2011) . Indeed, survival was reduced when Ͼ0.2 mg KFF diet per larva per d was given, and they were not able to develop when Ͼ0.4 mg diet per larva per d was given.
Here, a new and inexpensive diet has been created and validated for An. arabiensis by measures of larval survival, developmental rate, and adult size, indicators for quality of laboratory-reared mosquitoes. This diet, made of affordable ingredients, is suitable for mass rearing of An. arabiensis because the cost to rear 1 million mosquitoes with 1.4 kg of a 50/50 mix of BLP (0.7 kg at US$63/kg; Table 1 ) and TM (0.7 kg at US$0.80/kg; Table 1 ) per day would be roughly US$44.70 (for a ratio of 0.2 mg per larvae). If Vanderzant Vit Mix is added to this BLP/TM mixture (at a rate of US$0.7 kg/d, US$28/kg), the Þnal diet cost will be US$64.30. In addition, the prices calculated here are based on small quantity orders and would probably be reduced signiÞcantly when ordering the bulk quantities needed by a mass-rearing facility.
